The objective of this study was to investigate the cellular immunolocalization of inhibin α and inhibin/activin (βA and βB) subunits in the fetal, neonatal and adult testes of Shiba goats. The testes were obtained from a fetus at 90 days, a neonate at 15 days, and two adult Shiba goats (both of 3 years old). The sections of testes were immunostained by the avidin-biotin-peroxidase complex method (ABC) using polyclonal antisera raised against porcine inhibin α, inhibin/activin βA, and inhibin/activin βB. Inhibin α and inhibin/activin (βA and βB) subunits were expressed in Leydig cells, but not in the Sertoli cells of the fetus with a weak immunostaining. An increase in the number of positive cells and a more intense immunohistochemical signal for inhibin α and inhibin/activin (βA and βB) subunits were observed in the Leydig cells of neonatal testes. Moreover, inhibin α, βA, and βB subunits were expressed in the Sertoli cells and Leydig cells of adult testes, respectively. These results suggest that Shiba goats testes have the ability to synthesize inhibins in the fetus, neonate, and adult, and the cellular localization of inhibin/activin subunits showed age-related changes in fetal, neonatal, and adult testes of Shiba goats.
nhibins and activins are structurally related dimeric gonadal proteins with the ability to regulate follicle-stimulating hormone (FSH) secretion from pituitary glands [1, 2] . Inhibin consists of an α subunit linked by a disulfide bridge to one of the two highly homologous β subunits (βA and βB) to form inhibin A (α and βA) or inhibin B (α and βB) [3] . Apart from their action on FSH secretion, inhibins and activins have been shown to exert paracrine/autocrine effects within the gonads [4, 5] and other tissues [6] and have been proposed to have an important paracrine function during testes development [7] . In the male, inhibin is produced in the testis, principally by Sertoli cells. There are temporal changes in inhibin expression and secretion with the changing role of Sertoli cells in immature and adult testes. Variations in inhibin production among species reflect the different patterns of maturation [8] .
In the adult testis, inhibin is mainly synthesized by Sertoli cells, with small amounts also produced in the Leydig cells [9] [10] [11] . Previous reports have described some patterns of expression in the fetal and neonatal testis [3, 9, 10, 12] , however, in the limited data presented, the immunostaining in Leydig cells appeared to be more prominent in immature animals than in adults [9, 10] . The Shiba goat is a Japanese miniature goat that is a nonseasonal breeder under natural daylight c o n d i t i o n s a n d a n i nb r e d s t r a i n h a s b e e n established for experimental use [13] . Although some observations about reproduction in Shiba goats have been reported [14, 15] , there are still many gaps in the understanding of the mechanisms of reproduction, especially the distribution or localization of inhibin subunits in the developing testes of Shiba goats. The aim of the present study was to investigate localization of inhibin subunits, and to determine the developmental patterns of inhibin subunits in fetal, neonatal, and adult testicular tissues by immunohistochemistry in Shiba goats.
Materials and Methods

Animals
Four Shiba goats maintained at the Tokyo University of Agriculture and Technology were used in this study. Testicular tissues were obtained from one fetus at 90 days, one neonate at 15 days, and two adult Shiba goats (both of 3 years old). The testes were excised immediately from animals after being euthanized by Ketamine overdose and immediately fixed in 4% paraformaldehyde (Sigma Chemical Co., St. Louis, MO, USA) in 0.05 M PBS, pH 7.4, for immunohistochemical observation. All procedures were carried out in accordance with the guidelines established by Tokyo University of Agriculture and Technology. 
Tissue fixation preparation
Immunohistochemistry
The serial sections of the testes were incubated with 10% normal goat serum to reduce background staining caused by the second antibody. The sections were then incubated with the primary antibody (1:1000 or 1:2000) raised against porcine inhibin α chain (1-30)-NH 2 conjugated to rabbit serum albumin, porcine inhibin/activin βA (81-113)-NH 2 (#305-24D) [16] , and cyclic acetyl human inhibin/activin βB (81-113)-NH 2 (#305-25D) [16] for 12 hr at room temperature. The inhibin α subunit peptide was kindly provided by Dr. N. Ling (Neuroendocrine Inc, San Diego, CA, USA) and the antibodies of inhibin/activin (βA and βB) were kindly provided by Dr. W. Vale (Salk Institute for Bioological Studies, La Jolla, CA, USA). The sections were then incubated with a second antibody, goat anti-rabbit IgG conjugated with biotin and peroxidase with avidin, using a rabbit ExtrAvidin TM 
Results
Histology
Seminiferous tubules and interstitial connective tissue were observed in the fetal, neonatal, and adult testes examined. In the fetus at 90 days, the most prominent cells in the interstitial connective tissues were Leydig cells, and Sertoli cells were observed in the seminiferous tubules of the testes (Fig. 1a ). With enlargement of seminiferous tubules, an increase in the number of Leydig cells and Sertoli cells was found in the testes of the neonate at 15 days ( Fig. 1d ). In the adults, e x c l u d i n g L e y d i g c e l l s a n d S e r t o l i c e l l s , spermatogonia, spermatocytes, round spermatids, and elongating spermatids were present in the seminiferous tubules, and spermatogenesis was evident in the testes of the adult goats (Fig. 1g ).
Immunohistochemistry
Immunoreactivity for inhibin α and inhibin/ activin (βA and βB) subunits was present in the testes of the fetus, neonate, and adult Shiba goats, respectively. Inhibin α and inhibin/activin (βA and βB) subunits were expressed in interstitial cells, but not in Sertoli cells of the fetus with a weak immunostaining, respectively (Fig. 1a-c) . The interstitial inhibin α and inhibin/activin (βA and βB) subunits-positive cells were also confirmed for colocalization of 3β-hydroxysteroid dehydrogenase and aromatase cytochrome P450 (unpublished results described by Weng Q, Watanabe G, Taya et al.), indicating that those cells could be judged as Leydig cells. Inhibin α and inhibin/activin (βA and βB) subunits were also present only in the Leydig cells of the neonate, with an increase in the number of immunopositive Leydig cells. The intensity of the immunohistochemical signal for inhibin α and inhibin/activin (βA and βB) subunits appears to differ between the fetus and neonate. A more intense immunostaining for inhibin α and inhibin/ activin (βA and βB) subunits was observed in the neonate, respectively ( Fig. 1d-f ). Immunoreactivity for inhibin α and inhibin/activin (βA and βB) subunits was present in Sertoli and Leydig cells in t h e a d u l t S h i b a g o a t s ( F i g . 1 g -i ) . N o immunostaining was detected in control sections in which normal rabbit serum was substituted in the place of the primary antibody (data not shown).
Discussion
To our knowledge, this is the first study that describes localization of inhibin/activin subunits in the developing testes of Shiba goats. The results of this study demonstrated the presence of inhibin/ activin subunits in the fetal, neonatal, and adult testes. These results suggest that Shiba goat testes have the ability to synthesize inhibin, which may play an important role in the development of the testes in Shiba goats.
The pattern of expression of inhibins varies through different stages of development for the male [8] . In the present study, immunoreactivity for inhibin α and inhibin/activin (βA and βB) subunits was present in fetal testes, which is not unique to Shiba goats. In other species, such as rats [9, 10, 17, 18] , humans [19, 20] , horses [3] and sheep [21, 22] , similar observations have been reported.
Inhibin α and βB subunit mRNA and protein have been demonstrated to be present in rat and human fetal testes [17] [18] [19] [20] . Inhibin α subunit was present from as early as day 14.5 post coitum in rats [18] and at 13 weeks of gestation in humans [20] .
Inhibin βB subunit was also detected in rat and human Leydig cells [18, 20] . All three subunits were detected in the Sertoli and Leydig cells of fetal testes in horses and sheep [3, 21] . Our present evidence that inhibin α, βA, and βB subunits were expressed in the Leydig cells of the fetus suggests that the Leydig cells of Shiba goats testes have the ability to synthesize dimeric inhibins in the fetus.
The site of expression of inhibin subunits appears to switch from the Leydig cells to the Sertoli cells during testicular development and during the period in which Sertoli cells are proliferating [8] . The cellular localization of inhibin subunits in the testes varies among species and during fetal development. In horses, an increase in the number of positive cells and intensity of immunoreactivity for ininbin subunits was found in the developing testes of the fetus, suggesting that inhibins may h a v e p h y s i o l o g i c a l r o l e s a s r e g u l a t o r s o f development of testicular functions [3] . In rats, inhibin subunits were immunolocalized in fetaltype Leydig cells during fetal/neonatal life, but following birth, immunoexpression increased in Sertoli cells, suggesting that these proteins play an important autocrine or paracrine role at this stage of development [18] . In this study, although inhibin α, βA, and βB subunits were expressed in the Leydig cells, but not in the Sertoli cells of the fetus and neonate, an increase in the number and a more intense immunohistochemical signal for inhibin α, βA, and βB subunits were observed in the neonatal testes. These findings suggest that these inhibins may be important for the regulation of testicular cell differentiation, and these results support the proposal that enlarged gonads have ability to produce large amounts of inhibins [3] .
In the present study, inhibin α and inhibin/ activin (βA and βB) subunits were expressed in the Sertoli cells and Leydig cells of the adult, showing that the cellular localization of inhibin α and inhibin/activin (βA and βB) subunits is associated with testicular function. Our unpublished results showed that P450scc, 3βHSD, P450c17, and P450arom were detected in fetal, neonatal, and adult testes, suggesting that Shiba goat testes have the ability to synthesize androgen and estrogen (Weng Q, Watanabe G, Taya et al.). Previous studies have suggested that inhibin subunits may p l a y i m p o r t a n t r o l e s i n s p e r m a t o g o n i a l development [23, 24] , Sertoli cell proliferation [25, 26] , and steroid biosynthesis [18, [26] [27] [28] [29] . For example, in humans, normal spermatogenesis and disruptions within the cycle are reflected in circulating serum inhibin levels. Levels of serum inhibin are higher in normozoospermic men than in men with impaired spermatogenesis [30] [31] [32] . Thus, our current immunohistochemical results here that inhibin acts as a paracrine or autocrine factor involved in spermatogenesis [3] are in agreement with previous studies.
In conclusion, immunoreactions for inhibin/ activin subunits were present in the testes of the fetus, neotate, and adult Shiba goats. These results suggest that Shiba goat testes have the ability to synthesize inhibin in the fetus, neonate, and adult, and the cellular localization of inhibin/activin subunits showed an age-related change in the developing testes. 
